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Objectives   Female greenhouse workers, who constitute a major occupational group exposed to pesticides at
childbearing age, were studied to measure the effects of pesticide exposure on time to pregnancy.
Methods   Data were collected through postal questionnaires with detailed questions on time to pregnancy,
lifestyle factors (eg, smoking habits, coffee and alcohol consumption), and worktasks (eg, application of
pesticides, re-entry activities, and workhours) of the respondents and their partners in a 6-month period prior to
conception of the most recent pregnancy. The relation between time to pregnancy and exposure to pesticides
among 398 female greenhouse workers and 524 referents was studied in a Cox’s proportional hazards model.
Results   The crude fecundability ratio for female greenhouse workers versus the reference group was 1.18
[95% confidence interval (95% CI) 1.03–1.35], but correction for confounding changed the fecundability ratio
to 1.11 (95% CI 0.96–1.29). An evaluation of specific biases for time-to-pregnancy studies showed that these
results were biased by the reproductively unhealthy worker effect. Restricting the analyses to full-time workers
or first pregnancies only resulted in an adjusted fecundability ratio of 0.89 (95% CI 0.67–1.19) and 0.90 (95% CI
0.62–1.32), respectively. Among the primigravidous greenhouse workers, an association was observed between
prolonged time to pregnancy and gathering flowers (fecundability ratio 0.46, 95% CI 0.18–1.19).
Conclusions  This study may offer some evidence for the hypothesis of adverse effects of pesticide exposure on
time to pregnancy, but more research is needed to elucidate these effects.
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Greenhouse and other agricultural workers are exposed
to a large variety of pesticides, some of which may have
endocrine disrupting properties or may affect human
reproduction through other mechanisms (1–3). Although
many animal studies have been performed on the repro-
ductive toxicity of pesticides (1, 3–6) and pregnancy
outcome has been evaluated in several human studies
(7–15), effects on human fertility have only recently
been considered (16–26). For many pesticides, no in-
formation is available, and the majority of epidemiolog-
ic studies to date pertain to pesticides that are no longer
used. Several studies investigated male workers only
(16–19), while the results from a study in Finland indi-
cated reduced fertility among wives of Finnish green-
house workers exposed to pesticides (20).
In most agricultural settings, men are directly ex-
posed to pesticides through the spraying of crops. There-
fore, health effects are more often investigated among
male workers than among female agricultural workers.
However, female greenhouse workers constitute a ma-
jor occupational group of workers who experience pes-
ticide exposure at childbearing age. Usually, they are
not directly exposed to pesticides but, instead, are indi-
rectly exposed through re-entry (eg, while gathering or
bunching flowers) or through take-home exposure by
their husbands. Despite this exposure, few data on hu-
mans are available regarding fertility among female
greenhouse workers (21, 22). Abell et al (21) did not
observe a reduced overall fecundability among Danish
women working in flower greenhouses, but spraying of
pesticides and frequent manual contact with plants with-
out gloves were associated with prolonged time to preg-
nancy (21). In Colombia, prolonged time to pregnancy
was observed for women working in flower production
companies where pesticides are frequently used (22). No
consistent pattern of associations was found for a health
study among farm families in Canada, but some specif-
ic pesticides were tentatively associated with reduced
fecundability (23). In a study among clients of an infer-
tility clinic in the United States, it appeared to be three
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times more likely for infertile women than for fertile
women to have ever been exposed to pesticides and nine
times more likely to have ever worked in agriculture (24,
25). In a similar study, no correlations were found be-
tween infertility and self-reported overall pesticide ex-
posure, working in the agricultural sector, or living on
a farm, but an association was found when exposure to
herbicides only was considered (26).
Time to pregnancy was first reported by Baird et al
(27, 28) as a good measure for estimating fecundabili-
ty. It provides an estimate of the per cycle probability
of conceiving a clinically detectable pregnancy. An in-
crease in time to pregnancy can indicate reproductive
loss at any of several different stages, including game-
togenesis, the transport of gametes in both male and fe-
male reproductive tracts, fertilization, migration of the
zygote to the uterus, implantation, and early survival of
the conceptus. Pesticides may disrupt the female hor-
monal balance and cause any of these effects, which are
probably reversible. Therefore, time to pregnancy may
be prolonged among women exposed to pesticides and
thus indicate reduced fertility but not complete sterili-
ty. Time-to-pregnancy studies among women exposed
to pesticides thus seem suitable for detecting adverse
effects of pesticides on fertility.
Currently, there is not enough evidence to confirm
or refute the hypothesis that female greenhouse work-
ers have a prolonged time to pregnancy due to pesti-
cide exposure. Therefore, a large retrospective cohort
study on time to pregnancy was performed among fe-
male greenhouse workers in the Netherlands, where vast
quantities of vegetables and flowers are produced. We
focused on flower greenhouses, where large amounts of
pesticides, such as abamectine, imidacloprid, methio-
carb, deltamethrin, and pirimicarb (29), are used and
many tasks require intensive contact with plants that pre-
cludes effective personal protection through the use of
gloves.
Study population and methods
Study population
We used two different approaches to obtain the study
population. From the database of a major trade union,
which registers information about a variety of Dutch
workers, we identified 604 female greenhouse workers
and a random sample of 949 female cleaners of repro-
ductive age (born in 1956–1979) in 2002. In addition,
we obtained addresses of 2414 greenhouse owners
through the national database of an agricultural market-
ing company. These owners were born in 1950–1979,
or their date of birth was unknown. For the reference
group, addresses of 4691 shopkeepers and market
stallholders were obtained through the Chamber of
Commerce. We only selected companies in which ex-
posure to pesticides or other reproductive toxicants was
unlikely (eg, builder’s merchants and shops for house-
hold goods). The reference group of cleaners, retail
shopkeepers, and market stallholders was chosen be-
cause of the assumed comparability with greenhouse
workers and owners with respect to educational level,
socioeconomic status, and work conditions, such as
standing and carrying heavy loads.
Data collection
The 1553 women selected through the trade union da-
tabase were sent an introductory letter, an information
leaflet, and a self-administered questionnaire by mail.
To the 7105 addresses obtained through the marketing
company and the Chamber of Commerce, a mailing was
sent that contained an introductory letter, an informa-
tion leaflet, and a self-administered questionnaire for the
owner of the company, plus the same items for the part-
ner of the owner if he or she worked in the same com-
pany. If not, we asked the owner to give the extra ques-
tionnaire plus information leaflet to an employee of the
opposite gender. We also asked the owners for the ad-
dresses of employees in the company so that we could
send them questionnaires as well. Alternatively, the
owners could choose to distribute questionnaires person-
ally to their employees. To increase the response rates,
we sent reminders after 2 and 6 weeks. To avoid selec-
tive nonresponse and information bias, the study was
presented to the potential participants as a general study
on work, lifestyle, and fertility not especially related to
pesticides. We focused on the most recent pregnancy to
avoid dependency issues related to multiple pregnancies
on the assumption that the most recent pregnancy would
be remembered best. This procedure led to a mixture of
first and subsequent pregnancies in the database.
Response
Only female owners, female partners of owners, and
female employees were included in this part of the
study. The composition of the original study population
and that of the final participants are given in figure 1.
Of the 1773 employees and 7105 company owners in-
vited to participate in the study, at least 300 women
proved to be ineligible. Completed questionnaires were
received from 924 female greenhouse workers and 1058
women in the reference group. The participation rates
were 54% and 49%, respectively, for the greenhouse
workers and cleaners selected through the trade union
and 50% and 58%, respectively, of the female greenhouse
employees and shopworkers for whom addresses were
obtained through the owners. Because the denominator
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was unknown, the participation rates for the women ap-
proached through the marketing company strategy could
not be calculated. At the end of the data collection, a
nonresponse study was done. We randomly selected 150
greenhouse workers and 150 cleaners who did not re-
turn the questionnaire and who successfully contacted
81 and 70 of them, respectively, by phone. These non-
participants were asked why they did not respond and
whether they had any children. When they did, we asked
questions about time to pregnancy and the outcome of
the most recent pregnancy. Thirty greenhouse workers
and 31 cleaners were willing to answer these questions.
Questionnaires
The design of the questionnaires was based on the liter-
ature and on previous reproductive studies performed
by our group (30–32). In the questionnaire, women were
asked whether they had ever been pregnant. If so, de-
tailed questions were presented about worktasks (eg,
application of pesticides, re-entry activities, and
workhours) and lifestyle habits (eg, smoking and cof-
fee and alcohol consumption) of the respondent and her
male partner. To approximate the entire time-to-preg-
nancy period, all of the questions pertained to a period
of 6 months before the start of the most recent pregnan-
cy, on the assumption that most women did not change
jobs during this period. In addition, questions were
asked about time to pregnancy and adverse pregnancy
outcomes (eg, spontaneous abortion, preterm delivery,
and congenital malformations).
Time to pregnancy
The primary outcome of this study was time to preg-
nancy, as a measure for fecundability. The time-to-preg-
nancy question was phrased as follows: “For the most
recent pregnancy, how many months did it take you to
get pregnant (counted from the moment you and your
partner stopped using contraceptive methods or started
trying to get pregnant)?” (32). Only planned pregnan-
cies, not caused by a failure of the birth control method
used regardless of pregnancy outcome, were included
in the analysis. Time to pregnancy was censured for
women with a waiting time longer than 14 months.
Exposure assessment
To account for job changes and administrative errors in
the original population files, we classified all of the par-
ticipants as “exposed” (greenhouse and other horticul-
ture workers with likely exposure to pesticides), “unex-
posed” (cleaners, market stall and retail workers, and
other workers not exposed to pesticides), or “not work-
ing outside the home”, based on reported occupation for
the 6 months prior to the most recent pregnancy or preg-
nancy attempt. The work activities reported in the ques-
tionnaire, such as re-entry work and specific work with
flowers, were also used as indicators for pesticide ex-
posure.
Potential confounding factors
Potential confounding or effect-modifying factors were
recorded for both the men and the women. Smoking
habits, alcohol and coffee consumption, use of oral con-
traception during 1 year preceding the most recent preg-
nancy, primiparity, and pesticide- exposed partner were
used dichotomously in the analyses (yes or no). The
educational level was categorized as low (no education
and primary, lower vocational, and intermediate voca-
tional education) or high (intermediate secondary, high-
er secondary, higher vocational, or university educa-
tion), and the cut-off point for workhours was 32 hours.
Figure 1. Composition of the study population, final participants, and pregnancy history among the participants. (Not eligible = no longer a member
of the trade union, other occupation, or too old)
Employees: trade union  Owners or partners of owners: marketing company 
or Chamber of Commerce 
 Employees: marketing company or 
Chamber of Commerce 
Greenhouse 
604 
Reference 
949 
 Greenhouse 
2414 
Reference 
4691 
 Greenhouse 
150 
Reference 
70 
     
   Not eligible 
 
 
   Greenhouse 
103 
Reference 
197 
 
     
  Participants 
 
  
  Greenhouse 
924 
Reference 
1058 
  
     
One or more pregnancies  Pregnancy attempt  Never tried to conceive 
Greenhouse 
740 
Reference 
870 
 Greenhouse 
31 
Reference 
29 
 Greenhouse 
153 
Reference 
159 
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Female age at the start of the most recent waiting time
to pregnancy was divided into three groups (<25, 25–
35, or >35 years of age), whereas male age was used as
a continuous variable in the analyses.
Analyses
The data from the questionnaires were put into a Micro-
soft Access database, and statistical analyses were per-
formed using the SPSS 12.0 (SPSS Inc, Chicago, IL,
USA) computer program. Associations between time to
pregnancy and exposure to pesticides were studied by
means of Cox’s proportional hazards model. The result-
ing fecundability ratio (FR) represents the fecundabili-
ty of the exposed group relative to that of the unexposed
group. Initially, crude fecundability ratios with 95%
confidence intervals (95% CI) were calculated. There-
after, multivariable analyses were performed with con-
founder correction and checks for interaction between
pesticide exposure and all of the relevant covariables.
We used two criteria to select potential confounding fac-
tors, the distribution of the variable among the exposed
and unexposed groups and the relation of the potential
confounder to time to pregnancy in the unexposed ref-
erence group. The complete potential confounder set
was then evaluated by reducing the full model with all
potential confounders to gain precision without losing
validity. Only variables that did not change the fecund-
ability ratio of the pesticide exposure by more than 0.1
upon removal were permanently deleted from the mod-
el. A Cox’s proportional hazards model was also used
to explain time to pregnancy from the following work
variables among the female greenhouse workers: func-
tion in the company (employee or employer), spraying
pesticides (yes or no), cultivating flowers (yes or no),
gathering flowers (yes or no), preparing flowers for sale
(yes or no), general greenhouse activities without con-
tact with flowers (yes or no), and full-time work (>32
hours; yes or no). A removal probability of >0.15 was
used in this explorative model.
Biases
In addition, we investigated the different sources of bias
that may occur in studies on time to pregnancy and that
were relevant in our study (33, 34).
Sterility bias. Time to pregnancy in its strict meaning
relates only to periods of unprotected intercourse that
end in conception, excluding sterile couples and under-
representing severely subfertile couples (34). If an ex-
posure causes complete sterility rather than just reduc-
ing fecundability, retrospective time-to-pregnancy stud-
ies will not detect an adverse effect. Therefore, unsuc-
cessful pregnancy attempts should be taken into account
to avoid this bias.
Planning bias. Couples vary in the consistency with
which they use birth control. As a result, a large pro-
portion of pregnancies are unwanted or “mistimed” (33).
Because these unintended pregnancies were excluded
from the analysis of time to pregnancy, bias can arise
when planning varies among groups.
Pregnancy recognition bias. This source of bias stems
from differential recognition of pregnancy and pregnan-
cy loss (33). Couples that do not recognize an early
spontaneous abortion will, in effect, be adding together
two (or more) times to pregnancy. This situation reduc-
es their apparent fecundability and usually coincides
with a reduced rate of recognized fetal loss.
Wantedness bias. This type of bias may arise from dif-
ferences in how couples respond to the question of birth
control failure (33). To check for this bias, a confirma-
tory analysis was performed excluding the cycle-one
data.
Reproductively unhealthy worker effect. Women who are
reproductively healthy tend to reproduce and conse-
quently experience family and societal pressures to
leave the workforce or to drop back to part-time em-
ployment (33). By contrast, women who are unable to
reproduce successfully are more likely to remain in the
workforce. The result is that infertile women are more
often occupationally exposed. One way to guard against
spurious effects due to this type of bias is to stratify the
analysis with respect to employment status, comparing
exposed full-time workers with other full-time workers
and part-time workers to part-time workers. Another
strategy is to limit the analyses to women conceiving
their first pregnancy. Both strategies were explored in
this study.
Results
From the 1982 initial participants, 372 women who had
never been pregnant were dropped. [See figure 1.] All
of the other participants, except 65 women for whom
the occupation was unknown, were placed in one of the
three occupational groups. This procedure resulted in
473 “exposed” greenhouse workers, 679 “unexposed”
referents, and 393 women who were not working in the
6 months period prior to the most recent pregnancy.
Table 1 summarizes the work activities for the green-
house workers, further divided into employees (28.5%)
and owners or partners of owners (71.5%). The main
tasks included cultivating, gathering, and bunching
flowers, but no pesticides were sprayed by these female
greenhouse workers. Apart from re-entry and packing
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tasks, several nongreenhouse activities were reported,
such as office work and cleaning, especially by green-
house owners and partners of owners. In general, these
women seemed to be less involved in actual greenhouse
work with a potential for pesticide exposure than green-
house employees, and most of them worked part-time
(32 hours per week or less).
The general characteristics of the final study popu-
lation are shown in table 2. Women with unexpected
pregnancies (N=163) or an unknown time-to-pregnan-
cy value for the most recent pregnancy (N=67) were
excluded from the final analyses. The mean age of the
women was 29.4 and 28.0 years for the greenhouse
workers and referents, respectively, but the proportion
of younger women (<25 years of age) was much small-
er among the greenhouse workers. The women in the
reference group had a slightly lower education and
smoked more often than the greenhouse workers, but a
smaller proportion of the referents consumed alcohol
and coffee and participated in sports. The use of multi-
vitamins or folic acid and oral contraceptives was simi-
lar between the two groups. Large differences were
found for the proportions of primigravidous women
(12.1% among the greenhouse workers versus 23.9%
among the referents) and the mean number of children
(2.6 and 1.9, respectively). In addition, more of the
greenhouse workers had part-time employment
(32 hours per week or less). The male partners of the
greenhouse workers were slightly older than their ref-
erence counterparts and smoked less often. However,
77% of them were occupationally exposed to pesticides
versus only 9.9% of the partners of women in the refer-
ence group.
In the crude analysis, the female greenhouse work-
ers seemed to be more fecund than the unexposed ref-
erence group (FRcrude 1.18, 95% CI 1.03–1.35) (table 3).
Correction for age, smoking, and multivitamin use of
the mother, as well as for primigravidity, changed the
FRadjusted to 1.11 (95% CI 0.96–1.29). No other con-
founding or effect-modifying factors were identified.
Table 2. General characteristics of the final study population consisting of women with one or more pregnancies and a time-to-preg-
nancy value for the most recent pregnancy. a
Characteristics Greenhouse workers (exposed to pesticides) (N=398) b Reference group (unexposed) (N=524) b
N % Mean SD N % Mean SD
Age (years) ·· ·· 29.4 3.3 ·· ·· 28.0 4.0
<25 years 45 11.9 ·· ·· 125 26.4 ·· ··
25–35 years 318 83.9 ·· ·· 331 69.8 ·· ··
>35 years 16 4.2 ·· ·· 18 3.8 ·· ··
Low educational level 209 52.8 ·· ·· 292 56.3 ·· ··
Smoking 88 22.3 ·· ·· 230 44.0 ·· ··
Alcohol consumption 237 59.8 ·· ·· 237 45.3 ·· ··
Coffee consumption 331 83.6 ·· ·· 411 78.6 ·· ··
Sports activities 236 59.4 ·· ·· 233 44.6 ·· ··
Body mass index ·· ·· 24.1 3.5 · · 24.9 4.6
Use of multivitamins or folic acid 104 26.3 ·· ·· 151 28.8 ·· ··
Use of oral contraceptives 249 62.7 ·· ·· 339 64.9 ·· ··
Primigravidity 48 12.1 ·· ·· 125 23.9 ·· ··
Number of children · · 2.6 1.0 1.9 0.8
Workhours (≤32) 305 79.0 ·· ·· 356 70.2 ·· ··
a The mean age of the male partners was 33.0 (SD 3.7) years for the greenhouse workers and 31.9 (SD 5.0) years for the reference group; the mean
number of male partners who smoked was 141 (35.6%) for the greenhouse workers and 264 (50.7%) for the reference group; the mean number of male
partners of those exposed to pesticides was 292 (77.0%) for the greenhouse workers and 50 (9.9%) for the reference group.
b These numbers were reduced by varying numbers of missing values per variable (maximum 4.8%).
Table 1. Different work activities among the groups of green-
house workers.
Work Greenhouse Greenhouse Greenhouse
activities workers employees owners or
(N=473) a (N=135) a partners of
owners
(N=338) a
N % N % N %
Cultivating flowers 265 64.8 92 80.7 173 58.6
Gathering flowers 241 58.9 70 61.4 171 58.0
Preparing flowers for sale 308 75.3 67 58.8 241 81.7
General greenhouse activities 95 23.2 29 25.4  66 22.4
without contact with flowers
Other activities (open-ended 242 ·· 69 ·· 173 ··
question)
Administrative or office work 47 11.5 9 7.9 38 12.9
Canteen work or cleaning 34 8.3 5 4.4 29 9.8
Housekeeping 39 9.5 5 4.4 34 11.5
Workhours (>32 hours) 103 22.7 44 33.3 59 18.3
a No information on worktasks was available for 21 employees and
43 greenhouse owners or partners of owners; information on workhours
was missing for 3 employees and 16 greenhouse owners or partners of
owners.
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The explorative model used to explain time to pregnan-
cy from several work variables among the female green-
house workers initially showed that being an employee
or working full-time (>32 hours/week) was associated
with prolonged time to pregnancy (table 3). However,
when primigravidity was included in the model, only
working full-time remained a risk factor for prolonged
time to pregnancy (FR 0.78, 95% CI 0.59–1.01), where-
as the decreased fecundability among employees could
be explained by primigravidity (FR 0.66, 95% CI 0.44–
0.97). The analysis with the primigravidous women only
showed that gathering flowers may involve an increased
risk of prolonged time to pregnancy (FR 0.46, 95% CI
0.18–1.19), whereas the women who primarily prepare
flowers for sale seemed to be more fecund than other
primigravidous greenhouse workers (FR 2.36, 95% CI
0.86–6.43).
The evaluation of the different sources of bias specif-
ic for time-to-pregnancy studies is summarized in table 4.
Sterility bias. No difference was observed between the
greenhouse workers and the referents as regards the
number of unsuccessful pregnancy attempts (4.4% and
4.2%, respectively); therefore, this type of bias was not
present in our data.
Planning bias. Among the greenhouse workers, 10.4%
of the women reported an unintended pregnancy versus
16.8% of the women in the reference group. This dif-
ference of 6.4% (95% CI 6.0–6.8) led to a fecundabili-
ty ratio of 1.09 (95% CI 0.96–1.23) for the greenhouse
workers versus the referents when we included women
with unintended pregnancies in the analyses on the as-
sumption of a time to pregnancy of 1 month. Therefore,
the crude fecundability ratio of 1.18 seemed to be mod-
erately biased by pregnancy planning differences.
Pregnancy recognition bias. The greenhouse workers
reported 3.6% recognized spontaneous abortions versus
6.0% for the reference group. This small difference in-
dicates that some of the greenhouse workers may have
overestimated their time to pregnancy.
Wantedness bias. The result of a confirmatory analysis
without the cycle-one data (crude FR 1.15, 95% CI
Table 4. Evaluation of different sources of bias specific for time-to-pregnancy studies in our data comparing greenhouse workers with
the unexposed reference group. (FR = fecundability ratio, 95% CI = 95% confidence interval)
Type of bias N % Crude 95% CI Adjusted 95% CI Potential for
FR FR bias
Sterility bias (no pregnancy achieved) No
Greenhouse workers 22 out of 495 4.4 ·· ·· ·· ··
Reference group 30 out of 709 4.2 ·· ·· ·· ··
Planning bias (unintended pregnancies) Moderate
Greenhouse workers 49 out of 473 10.4 ·· ·· ·· ··
Reference group 114 out of 679 16.8 ·· ·· ·· ··
Pregnancy recognition bias (recognized spontaneous abortion) Small
Greenhouse workers 17 out of 473 3.6 ·· ·· ·· ··
Reference group 41 out of 679 6.0 ·· ·· ·· ··
Wantedness bias No
Including cycle one ·· ·· 1.18 1.03–1.35 ·· ··
Excluding cycle one ·· ·· 1.15 0.99–1.35 ·· ··
Reproductively unhealthy worker effect High
Part-time workers 661 ·· 1.28 1.09–1.50 1.18 a 0.99–1.41
(≤32 hours or less)
Full time workers 232 ·· 0.90 0.68–1.21 0.89 b 0.67–1.19
(>32 hours)
First pregnancy 173 ·· 0.92 0.63–1.32 0.90 c 0.62–1.32
a Adjusted for age of mother, maternal smoking, multivitamin use, and primigravidity.
b Adjusted for primigravidity.
c Adjusted for maternal smoking.
Table 3. Associations between pesticide exposure and prolonged
time to pregnancy for the greenhouse workers versus the refer-
ents and the associations between the work variables and time to
pregnancy among the greenhouse workers. (FR = fecundability
ratio, 95% CI = 95% confidence interval)
Population and variables Crude 95% CI Adjusted 95% CI
in model FR FR
Total study population (N=922)
Greenhouse worker 1.18 1.03–1.35 1.11 a 0.96–1.29
Greenhouse workers (N=386)
Employee 0.81 0.64–1.02 0.96 b 0.73–1.26
Workhours (>32) 0.74 0.57–0.96 0.78 b 0.59–1.01
Primigravidous greenhouse workers only (N=42)
Gathering flowers 0.46 0.18–1.19 –
Preparing flowers for sale 2.36 0.86–6.43 –
a Adjusted for age mother, maternal smoking, multivitamin or folic acid
use mother, and primigravidity.
b Adjusted for primigravidity.
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0.99–1.35) did not differ from that in the original anal-
ysis including the cycle-one data; therefore wantedness
bias did not play a role in our study.
Reproductively unhealthy worker effect. The part-time
greenhouse workers seemed to be more fecund than the
part-time working women in the reference group
(FRadjusted 1.18, 95% CI 0.99–1.41), whereas the full-time
greenhouse workers seemed to have a slightly longer
time to pregnancy (FRadjusted 0.89, 95% CI 0.67–1.19).
When the analysis was restricted to the primigravidous
women only, the fecundability ratio for the greenhouse
workers versus the referents was similar to the one for
the full-time workers (FRadjusted 0.90, 95% CI 0.62–1.32),
but the confidence interval was wider due to the small
numbers. These analyses pointed towards a high degree
of bias in our original results due to the reproductively
unhealthy worker effect.
Discussion
Initially, the female greenhouse workers appeared to be
more fecund than the unexposed reference group in this
study. After we investigated different sources of bias,
including the reproductively unhealthy worker effect,
however, we observed slightly decreased fecundability
ratios for the full-time and primigravidous greenhouse
workers. When we compared different worktasks among
the greenhouse workers only, we found similar but
stronger associations between reduced fecundability and
full-time work and primigravidity. This analysis also
pointed towards an increased risk of prolonged time to
pregnancy for primigravidous women involved in gath-
ering flowers. Before these results are discussed further,
however, some methodological issues need to be ad-
dressed.
The general response rate of our study was low, in
particular among market stallholders and retail shop-
keepers. This low response may have been due to the
selection of owners of small companies or market stalls
who were too busy to fill out the questionnaire. Alter-
natively, our questionnaires could have been labeled as
junk mail in large companies. Moreover, the company
owners were mostly men, who are known to have a low
response rate in reproductive studies (35). This possi-
bility may have caused a low response rate among their
female partners as well. As selection for age was not
possible for the reference group, a relatively large num-
ber of people could also have been too old to see the
relevance of a questionnaire on reproductive issues.
However, since the study was presented as general re-
search on work and lifestyle habits, not putting any em-
phasis on pesticide exposure, greenhouse workers with
adverse pregnancy outcomes had no more reason to par-
ticipate than cleaners, market stallholders, or retail shop-
keepers with similar problems. This situation strongly
reduces the chances of response bias, and the lack of
bias was confirmed in our nonresponse study, in which
we found a mean time to pregnancy (censored at 14
months) of 3.5 months (SD 4.8) for the greenhouse
workers and 3.7 months (SD 4.3) for the reference group
among the nonparticipants. These time to pregnancies
were lower than the mean time to pregnancies among
the participants [4.3 months (SD 4.0) and 4.9 months
(SD 4.4), respectively], but similar for the greenhouse
workers and the referents.
The choice of the reference group, which consisted
of women working as professional cleaners and in shops
and market stalls, is an important point of discussion.
We chose this reference group for our population of
greenhouse workers because of the similar educational
level, socioeconomic status, and work conditions (such
as standing and carrying loads) apart from pesticide ex-
posure. A literature review did not find any evidence of
reduced fertility among the female professional clean-
ers (36) or the shop workers, and, when we removed
cleaners from the reference group, the results of our
study remained similar. Moreover, the cleaners partici-
pating in this study mainly used standard nonaggressive
household detergents. Differences may exist, however,
between the partners of shopkeepers and the partners of
greenhouse owners. The latter often live on the premises
and may partly be housewives who help out in the
greenhouse when needed. A tendency towards such a
dual role can be found in table 1, which shows that, on
the average, greenhouse owners or partners of owners
seem to be less involved in actual greenhouse work with
a potential for pesticide exposure and they work short-
er hours than greenhouse employees. This tendency may
have reduced the contrast in pesticide exposure between
the female greenhouse workers and the unexposed ref-
erents.
In this study, data were collected by means of ques-
tionnaires, and, therefore, there was a probability of
misclassification for the outcome measure, exposure,
and  confounder variables. Not everyone in the study
was able to produce an adequate time-to-pregnancy val-
ue, but, in general, time-to-pregnancy data are consid-
ered valid estimates of the waiting time to pregnancy
(34, 37) and, therefore, lead only to nondifferential mis-
classification and an underestimation of the fecundabil-
ity ratio. Concerning exposure, no distinctions could be
made for the amount and kinds of pesticides used, as
many different pesticides were reported, some of which
may not be reproduction-toxic. Moreover, not all green-
house workers, and in particular partners of owners, may
actually have been exposed to relevant concentrations
of pesticides. Consequently, the effects of pesticide
bretveld.pmd 23.10.2006, 14:37365
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exposure on time to pregnancy may have been under-
estimated. The major confounders for the relationship
between pesticide exposure and time to pregnancy men-
tioned in the literature were recognized and controlled
in our dataset. However, residual confounding due to
uncontrolled confounders or imperfect measurement of
some confounders that we did control may still have
played a role in our study. This possibility may espe-
cially hold for the use of oral contraceptives. Because
of an unclear formulation in the questionnaire, the wom-
en having trouble conceiving did not answer this par-
ticular question correctly. Of all of the potential con-
founders, including pesticide exposure of the male part-
ner, only a few proved to be actual confounders in the
different Cox’s proportional hazards models.
Several types of bias specific for time-to-pregnancy
studies (33, 34) were evaluated, and we concluded that
sterility bias and wantedness bias did not play a role in
our study. Other types of bias mentioned by Weinburg
et al (33) were excluded a priori, as we prevented med-
ical intervention bias by censuring time to pregnancy at
14 months and did not expect many women in the Neth-
erlands to change jobs, work habits, or behavior during
their waiting time to pregnancy, which would lead to
time trend bias and behavior modification bias. The
questions on work and lifestyle habits pertained to the
period of 6 months before the start of the most recent
pregnancy, but only 18.3% of the greenhouse workers
had a time to pregnancy longer than 6 months. Half of
these women conceived within 1 year, and only one
woman reported a time to pregnancy of more than
5 years, but all of these women worked in greenhouse
jobs for the entire time-to-pregnancy period. The mean
number of years of work in greenhouses was 15.5 years
at the time of the data collection.
In contrast, we observed a small potential for preg-
nancy recognition bias, which may have biased the fe-
cundability ratio in the direction of decreased fecund-
ability, and a moderate potential for planning bias,
which biased the fecundability ratio in the direction of
increased fecundability. The evaluation of pregnancy
recognition bias, however, may have been hampered by
the self-reported nature of spontaneous abortion (38).
The largest amount of bias for our data seemed to be
caused by the reproductively unhealthy worker effect
due to the fact that we studied the most recent pregnan-
cy, which is a mixture of first and higher-order preg-
nancies. Restricting the analyses to full-time work or
primigravidous women only changed the results from
10% increased fecundability (FRadjusted 1.1) among the
female greenhouse workers in the original analysis of
all of the most recent pregnancies to 10% decreased fe-
cundability (FRadjusted 0.9) in the “unbiased” analysis,
although small numbers led to large confidence inter-
vals that are compatible with no effects on fecundability.
According to Olsen (39), the analysis of first pregnan-
cies only was the most valid, as it avoided pregnancy-
planning issues in which past-pregnancy experiences are
taken into account. Abell et al (21) found a fecundabil-
ity ratio comparable with ours for the most recent preg-
nancies among workers in flower greenhouses versus
other union workers in Denmark (FR 1.1, 95% CI 0.9–
1.4). They also reported fecundability ratios in the same
range for first pregnancies only (data not given), which
is in contrast to our results. However, a large study of
first pregnancies in Colombia (22) reported a decreased
fecundability ratio for women working in flower pro-
duction companies in the same order of magnitude as
ours (FR 0.9, 95% CI 0.8–1.0). Abell et al (21) also per-
formed additional analyses among workers in flower
greenhouses and found that spraying pesticides, han-
dling cultures for many hours per week, and not using
gloves was related to reduced fecundability. In our
study, pesticides were not sprayed by women, and, as a
result, no information on glove use was collected. How-
ever, among the primigravidous women, an association
with prolonged time to pregnancy was observed for
gathering flowers, which is usually a daily task involv-
ing intensive contact with plants whether or not they
have recently been treated with pesticides.
In conclusion, this study may add some evidence for
the hypothesis of adverse effects of pesticide exposure
on time to pregnancy, but more research is needed to
elucidate these effects and provide insight into the work-
tasks that may expose female greenhouse workers to
pesticides.
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